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[57] ABSTRACT 
A solar cell substrate comprising a glass substrate and a 
transparent electrically conductive layer formed 
thereon, said conductive layer having a plurality of 
polygonal projections‘, having approximate diameters of 
from 0.1 to 0.3 pm and height/diameter ratios of at least 
0.6 

5 Claims, 1 Drawing Sheet 
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SOLAR CELL SUBSTRATE 

TECHNICAL FIELD 

The present invention relates to a solar cell substrate 5 
useful in the production of amorphous silicon solar 
cells. 

BACKGROUND ART 

As shown in FIG. 1, a prior art amorphous silicon 
solar cell is illustrated generally as 8 and comprises a 
transparent insulating substrate 1, a transparent electri 
cally conductive layer 2 and a semiconductor photoe 
lectric conversion laminate 6 composed of a p-type 
amorphous silicon layer 3, an i-type amorphous silicon 
layer 4, an n-type amorphous silicon layer 5, and an 
aluminum electrode 7 acting as the back contact. This 
con?guration is practically used as a photoelectric con 
version device capable of being produced at a relatively 
low cost. Such an amorphous solar cell 8 is designed so 
that light enters the solar cell through the transparent 
insulating substrate 1 and is absorbed mainly by the 
i-type amorphous silicon layer 4. An electromotive 
force is generated between the two electrodes, the 
transparent electrically conductive layer 2 and the alu 
minum electrode 7, and electricity is led out of the solar 
cell by a conductor 10. 
For such an amorphous silicon solar cell, it is most 

important to improve the photoelectric conversion ef? 
ciency. As a method of achieving this, it is known to 
roughen the surface of the transparent electrically con 
ductive layer. By toughening the surface, incident light 
is scattered at the interface between the transparent 
electrically conductive layer and the amorphous silicon 
semiconductor layer. The effect of this optical scatter 
ing is to reduce the surface reflection loss of the incident 
light and to increase the absorbance in the i-type amor 
phous silicon layer. As a result of multiple re?ection 
and refraction in the amorphous silicon semiconductor 
layer, the length of the optical path increases and the 
light-collecting ef?ciency of the amorphous silicon 
solar cell for long wavelength lights will be improved 
by the light-trapping effect in the i-type amorphous 
silicon layer. The short-circuit current density will also 
be increased, thereby improving the power generation 
e?iciency and the photoelectric conversion ef?ciency. 
As speci?c method for such surface roughening, Jap 

anese unexamined patent publication No. 57756/ 1983 
discloses an average particle size of the surface of the 
transparent electrically conductive layer from 0.1 to 
22.5 um; Japanese unexamined patent publication No. 
201470/1984 discloses the preparation of a transparent 
electrically conductive layer composed of crystal grains 
having an average grain size of from 0.1 to 0.9 pm; 
Japanese unexamined patent publication No. 
103384/ 1984 discloses an average grain size of ?ne crys 
tals constituting a transparent electrically conductive 
layer to be at least 300 A; and Japanese unexamined 
patent publication No. 175465/1985 discloses forming a 
silicon oxide coating layer having a haze of at least 1% 
and having a number of projections having a diameter 
of from 300 to 500 A and a height of from 200 to 3,000 
A, to obtain a solar cell substrate having a transparent 
electrically conductive layer. 
With solar cell substrates having the above-men 

tioned structures, it may be possible to increase the 
photoelectric conversion efficiency to some extent, but 
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2 
they are inadequate for the purpose of greatly improv 
ing the ef?ciency. 

SUMMARY OF THE INVENTION 

IT is an object of the present invention to provide a 
solar cell substrate coated with a transparent conduc 
tive oxide having an optimum textured surface whereby 
an improved photoelectric conversion efficiency can be 
obtained. 
The present invention provides a solar cell substrate 

including a glass substrate and a transparent electrically 
conductive layer formed thereon. The transparent elec 
trically conductive layer has a plurality of polygonal 
projections having diameters of from 0.1 to 0.3 pm and 
height/~diameter ratios of at least 0.6. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of an amorphous 
silicon solar cell; and 
FIG. 2 is a partial enlarged cross-sectional view illus 

trating the surface of the transparent electrically con 
ductive layer of the solar cell substrate of the present 
invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

For the substrate to be used in the present invention, 
it is possible to employ a transparent glass sheet made of 
soda-lime silicate glass, aluminosilicate glass, borate 
glass, lithium aluminosilicate glass, quartz glass or vari 
ous other glasses. It is desirable for the substrate to 
exhibit a high transmittance, e.g. transmittance of at 
least 80%, in a wavelength range of from 350 to 800 nm. 
It is also desirable to have good insulating properties, 
high chemical and physical durability and excellent 
optical properties. In the case of a substrate made of a 
glass containing sodium, such as soda-lime silicate glass, 
or a substrate made of a low alkali-containing glass, an 
alkali barrier coating, such as a silicon oxide, aluminum 
oxide or zirconium oxide layer, may be provided on the 
substrate in order to minimize diffusion of ions, includ 
ing sodium, from the glass into the transparent electri 
cally conductive layer formed thereon. 
The transparent electrically conductive material 

formed on the .glass substrate is preferably made of a 
transparent metal oxide having a desired conductivity, 
such as tin oxide doped with from 0.1 to 5% by weight 
of ?uorine, tin oxide doped with from 0.1 to 30% by 
weight of antimony, or indium oxide doped with from 
0.5 to 30% by weight of tin. Among those described, a 
transparent electrically conductive layer made of fluo 
rine~doped tin oxide is most suitable for a solar cell 
substratepsince it is possible to readily obtain a sheet 
resistance lower than 300/El. The ?uorine-doped tin 
oxide is resistant to chemical reduction caused by hy 
drogen plasma, to which it is exposed during the forma 
tion of amorphous silicon layers in a plasma enhanced 
chemical vapor deposition chamber. 

Referring now to FIG. 2, the solar cell substrate 
shown has a transparent electrically conductive layer 
with a roughened texture over its entire surface. 
Namely, the transparent electrically conductive layer 
22 has a plurality of projections 24, each having a diam 
eter D of from 0.1 to 0.5 pm, a height H of from 0.1 to 
0.6 pm, and a height/diameter ratio (H/D) of at least 
0.6, preferably from 0.7 to 1.2. The height of such pro 
jections 24 is preferably less than 0.25 pun. The shape of 
the projections vary. In a typical example, the shape of 
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the base portion of each projection is tetragonal or has 
a shape of a higher order polygon. Atmospheric pres 
sure chemical vapor deposition automatically produces 
a textured oxide layer. The shape of the textured projec 
tions depend on the chemical composition of the layer. 

In the present invention, projections having a diame 
ter outside the range of from 0.1 to 0.5 pm or a height 
/diameter ratio outside the range of at least 0.6, may be 
present to some extent so long as more than 80% of the 
surface topography conforms to the preferred speci?ca 
tions. 
The transparent electrically conductive layer should 

have a sheet resistance value less than 300A], prefera 
bly from 4 to IOQ/El. This range is desirable particu 
larly in view of securing a high transmittance and 
avoiding ohmic losses in a large area substrate. In the 
present invention, the haze is most preferably from 8 to 
30% in view of the above-mentioned relationship be 
tween the particle shape and the optical properties. 
The transparent electrically conductive layer of the 

present invention may be prepared by various conven 
tional methods, such as chemical vapor deposition, 
pyrolytic spraying, sputtering, vacuum deposition, ion 
plating or dipping. Of these methods, chemical vapor 
deposition and sputtering are most preferred, since pro 
jections having the above-mentioned diameter, height 
and height-diameter ratio, can readily be obtained in a 
controlled manner. 

Preparation of transparent electrically conductive 
layers may be accomplished by using SnCl4, H2, 
CH3OH and HF carried by nitrogen gas and diluted 
nitrogen gas, as reactive gases. The transparent electri 
cally conductive layers are preferably prepared in a belt 
conveyor type atmospheric chemical vapor deposition 
furnace having a heating zone and a cooling zone. The 
heating zone has a nozzle for supplying the reactive 
gases. 
The gas supply nozzle includes fine slit-form gas 

outlets and adapts to supply SnCl4 and diluting nitrogen 
gas from a central slit. Nitrogen gas separates from the 
two slits adjacent thereto by separating lines, and H20, 
CH3OH, HF and diluting nitrogen gas are supplied 
from outerlying slits. Furthermore, the distance be 
tween the glass substrate and the gas outlets would 
preferably be adjustable. 

Texturing of a transparent conductive oxide layer is 
characterized by the interrelation of parameters of vari 
ous features. These parameters are functions of the 
reactive gas composition, gas flow, substrate tempera 
ture, furnace belt speed and furnace design. Typical 
preferred ranges include the following: 

Substrate temperature 550-650‘ C. 
Furnace belt speed 8-30 crn/min. 
Gas flows 

—SnCl4. O.l-l.0 l/min. 
—-H20 1.0-l0.0 l/min. 
—HF 0.1-1.0 l/min. 
—CH30H 0.1-1.0 l/min. 
l-l/D ratio 0.6 to 1.5 
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4 
Samples manufactured under these conditions exhibit 

advantageous properties for use in the production of 
solar cells. 

In the present invention, the incident light enters the 
solar cell through the interface of the transparent elec 
trically conductive layer and the amorphous silicon 
layer and penetrates into the amorphous silicon layer. 
When the electrically conductive layer has a textured 
surface, the light is scattered by the textured surface and 
the scattered light is taken into the amorphous layer. 
The optical path in the silicon layer is elongated, and 
the absorption efficiency of light is thereby improved. 
This effect is particularly remarkable in a long wave 
length range where the absorptive coefficient of silicon 
is small. In order to increase the scattering of light in 
this long wavelength range, certain levels of the height 
and the diameter of projections are required. 

Accordingly, it is desirable for the ratio of the height 
to the diameter to be quite large. However, if the height 
is too great, it is difficult to uniformly deposit an amor 
phous silicon layer on the transparent electrically con 
ductive layer. Therefore, the height is restricted by the 
thickness of the amorphous silicon layer or the ability of 
the amorphous silicon deposition system to conformally 
deposit layers while maintaining good electronic prop-= 
erties. 

Solar cell performance including use of the substrate 
of the present invention provides the following advan 
tages: (l) the short-circuit current density is improved 
by about 1 mA/cmz; and (2) the photoelectric conver 
sion efficiency is improved by about 0.5% absolute 
units. 

While the best modes for carrying out the invention 
have herein been described in detail, those familiar with 
the art to which this invention relates will recognize 
various alternatives and embodiments for carrying out 
the invention as de?ned by the following claims. 
What is claimed is: 
1. A solar cell substrate, comprising a transparent 

glass substrate having at least one surface and an electri 
cally conductive layer of a tranparent conductive mate 
rial formed thereon by atmospheric pressure chemical 
vapor deposition, said conductive layer having a sur» 
face topography including a plurality of polygonal pro= 
jections extending in a direction opposite said one sur 
face of the substrate and said polygonal projections 
having diameters in the range from 0.1 to 0.3 pm and 
height/diameter ratios of at least 0.6 over more than 
eighty percent of the surface topography. 

2. The solar cell substrate as in claim 1, wherein the 
height/diameter ratio of said polygonal projections is 
from 0.7 to 1.2. 

3. The solar cell substrate as in claim 1, wherein said 
' transparent conductive material is selected from a 
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group consisting of tin oxide, fluorine doped tin oxide, 
antimony doped tin oxide, and indium doped tin oxide. 

4. The solar cell substrate as in claim 1, wherein said 
electrically conductive layer has a sheet resistance of 
from 4 to 100/11 

5. The solar cell substrate as in claim 1, wherein said 
electrically conductive layer has a haze from 8 to 30%. 
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